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ABSTRACT
As watershed landscapes have been transformed to accommodate agriculture and
urbanization, non-point source pollution has emerged as an important environmental issue, and
riparian forest buffers (RFB) are recommended to control the flow of pollution into stream
ecosystems. The Natural Resources Conservation Service recommends that RFBs have a width
of at least 30 meters to protect water quality from surface runoff and non-point source pollution.
The water quality, RFBs, and land uses within two tributaries of the Canandaigua Lake
Watershed were investigated to determine if a positive correlation exists between water quality
and RFB width as well as to determine if the 30 meter buffers were in place and adequate to
protect water quality. Benthic macroinvertebrate collection and identification were used to assess
water quality at seven sites, while geographic information systems and the L-THIA runoffmodel
were used to quantify RFB width, land use, and runoff. A statistical analysis of the seven data
points showed that there is not enough evidence to conclude that a significant positive correlation
exists between water quality and RFB width. However, the data suggest that a correlation may
exist, and additional sample collection may show that the correlation is significant.
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INTRODUCTION
Since the passage of the Clean Water Act in 1972, people have increasingly become
aw.are of the impact of non-point source pollution on surface water resources. In fact, water
quality has improved significantly since 1972 due to point source pollution regulation; however,
non-point sources of pollution are hindering progress toward further improvement (EPA 1995).
Therefore, non-point source pollution has emerged as one of the top water quality issues in the
US, and urbanization and poor land use planning are primary causes (IJC 2003; Mensing et al.
1998).
In the past and present, humans have modified watershed landscapes to accommodate
agriculture and urbanization. As a result, many watersheds have transitioned from forests to
agricultural land to mixed land use areas, and these conversions have upset the natural cycles,
processes, and overall ecosystem balances established under the original land cover conditions.
Vegetated areas adjacent to streams and other surface water features are called riparian zones,
and they help to preserve some of the protective functions of the original vegetation. Riparian
zones can effectively filter runoff and reduce the pollutant loading into the aquatic system as
well as provide habitat formany types of organisms. However, human settlement and land cover
modifications within watersheds have adversely impacted the quality and quantity of riparian
zones, reducing stream protection from degradation by non-point sources ofpollution.
The Canandaigua Lake Watershed is no exception, and past and current landscape
alterations have likely affected the water quality of Canandaigua Lake and all of its tributaries.
Canandaigua Lake is the third largest lake in the Finger Lakes region of New York State. The
lake is 30 kilometers (km) long, 84 meters (m) deep, 1 to 2 km wide, and holds over 1.5 trillion
liters (L) ofwater (Canandaigua Lake Watershed Council 2003a). Its surrounding watershed lies
in Ontario and Yates Counties and has an area of 45,000 hectares (ha). The lake itself is used for
a variety of purposes that include drinking water, recreation, and tourism and serves as an
economically and aesthetically valuable resource to its surrounding communities (Canandaigua
Lake Watershed Council 2004). Figure 1 shows a map of the Canandaigua Lake Watershed, and
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Figure 1: Map of the Canandaigua Lake Watershed. The Canandaigua Lake Watershed is located in Ontario and
Yates Counties in the Finger Lakes region of New York State. The lake is shown in dark blue, and the watershed
and subwatersheds are outlined in black. The Sucker Brook and Fall Brook subwatersheds are indicated by pink and
yellow, respectively. The blue lines are the streams, and the direction of flow is toward the lake.
Figure 2: Land use distribution within the Canandaigua Lake Watershed. The Canandaigua Lake Watershed is
located in Ontario and Yates Counties in New York State, and it has experienced human-induced landscape
alterations throughout history. The pie chart displays the current composition of land uses within the watershed.
"Transitional"
refers to areas such as successional old fields (Canandaigua Lake Watershed Council 2003a).
The Canandaigua Lake Watershed Council (CLWC) is a non-regulatory organization that
oversees the health and well-being of Canandaigua Lake. In fact, the goal of the CLWC is "to
maintain and enhance the high water quality of the Canandaigua Lake Watershed through
education, research, restoration and if necessary
regulation"
(Canandaigua Lake Watershed
Council 2004). Through various programs and projects, CLWC is learning about the natural
conditions and seasonal changes in the lake as well as potential sources ofpollution and methods
of preventing or mitigating degradation. The council also strives to maintain accurate data
regarding the conditions of the lake and its watershed so that local environmental decision
makers can determine the best courses of action for the surrounding communities (Gilman 2002).
Furthermore, CLWC recognizes that humans can negatively affect the watershed and cause
degradation to the lake's water quality. It has implemented a management plan in response to
this concern so that negative impacts can be reduced, and the lake can be protected from
degradation. One of the focus points of the plan is riparian zones (Canandaigua Lake Watershed
Council 2003a).
Based on current monitoring data, the quality ofCanandaigua Lake is good, meaning that
oligotrophic conditions prevail, secchi disk measurements are high, and bacteria levels,
phosphorous concentrations, and chlorophyll concentrations are all low (Kevin Olvany, personal
communication, 2004). However, CLWC is concerned about maintaining this high quality.
Previous monitoring efforts have focused on nutrients and sediment that are dumped into the lake
by perennial streams during storm events, but little attention has been paid to intermittent
streams, or streams that do not run continuously year-round, until recently (Gilman and Olvany
2003). Therefore, data were collected in the 2002-2003 monitoring year for several intermittent
streams in the watershed, and nutrients and total suspended solids levels were high enough to
cause concern (Gilman and Olvany 2003). These contaminants are likely the result of non-point
source pollution that was contributed from the mixed land uses within the watershed (Figure 2).
SURFACE RUNOFF AND NON-POINT SOURCE POLLUTION
Runoff results when the earth's surface is incapable of absorbing precipitation during a
rainstorm or a snow melt. Compact soils like clays, impervious surfaces like pavement, and
saturated soils all prevent precipitation from infiltrating, resulting in overland flow (EPA 1996).
Also, damp soils can allow water infiltration during precipitation events but will contribute to
runoff once they are saturated. Non-point source pollution is produced when chemicals,
sediments, or other materials are washed away from the land surface as runoff. It is termed
non-
point because the exact origin of the pollution is difficult or impossible to pinpoint (EPA 1996).
There are different types ofmaterials found in non-point source pollution depending on
the land uses within the watershed. Agricultural areas may produce runoff that contains nutrients
from fertilizers, microbes and organic material from animal manure, sediment from erosive
processes, and pesticides. On the other hand, urban and suburban areas may contribute salts from
de-icing roads, oils and other fluids from leaky automobiles, leachate from landfills and other
disposal processes, and pesticides and fertilizers from lawn care activities (EPA 1996). Although
non-point source pollution can result from many types of land use, the end effect of all of these
substances on stream systems is degradation of water quality. Degradation is accompanied by
alteration of stream habitat, ecosystem functions, and natural processes (EPA 1996).
Within the Canandaigua Lake Watershed, the main pollutants of concern are nutrients,
sediment, and pathogens. In fact, several agricultural activities have been targeted as potential
contributors to the problems associated with these pollutants. They are barnyards, lack of
adequate manure storage, fall plowing, silage wastes, and milking wastes (Canandaigua Lake
Watershed Council 2003b). In response to the concerns of agricultural non-point source
pollution, CLWC formed a group called the Agricultural Program Committee (APC) that is made
up of local farmers. The committee has received over $1.5 million in state and federal funds to
take on the responsibility of implementing conservation measures to protect Canandaigua Lake
and the surrounding watershed from agricultural pollution. There are several conservation
practices that APC would like to implement. They include establishment of riparian areas as well
as management of pastures, pesticides, nutrients, and barnyard runoff (Canandaigua Lake
Watershed Council 2003b). Riparian zones are of particular interest because they address water
quality and provide habitat and ecosystem balance.
RIPARIAN ZONES
Riparian zones are areas that occur along watercourses and serve as transitions between
aquatic and terrestrial systems (Gregory et al. 1991). They can be forests, wetlands, or meadows,
and they are beneficial to improving and protecting water quality. In fact, the Natural Resources
Conservation Service (NRCS) explains that riparian zones are extremely important to the health
of stream ecosystems and that width and complexity affect their quality (NRCS 1998). Riparian
zones perform many vital functions through interactions of their component features such as
vegetation, hydrology, soil, topography, and spatial arrangement (Gregory et al. 1991).
One function of riparian zones is their ability to filter pollutants. They filter nutrients
from non-point source pollution, reducing or preventing eutrophication, algal blooms, and
suffocation of the aquatic system (EPA 1995; Gilliam 1994; Sparovek et al. 2002). Some
research has shown that over 90% of nitrogen and about 50% of phosphorous in runoff can be
removed through the filtration actions of riparian wetlands (Gilliam 1994). Herbaceous plants
tend to accumulate nutrients from soil water, and 20-30% of nutrients in soil water can be
removed from the system simply by harvesting the herbaceous vegetation (Mander et al. 1995).
However, harvesting vegetation can impair the riparian zone's ability to filter nutrients and other
substances. Riparian zones can also help to control sediment, acid mine drainage, ammonia, and
metals from runoff, thereby reducing or preventing the impacts of altered pH, heavy metal
contamination, sedimentation, and erosion (EPA 1995). Their main mechanism for filtering
pollutants and sediment is the slowing of runoff movement due to increased roughness of the
ground surface. This allows more time for runoff to infiltrate and, in turn, increases the chances
for chemical and microbial reactions to occur within the soil as well as for plant uptake of certain
pollutants (Vought et al. 1995). These reactions can remove pollutants from the runoff or retard
their arrival into the stream. In addition, slowing the speed of runoff movement reduces the
water's ability to carry sediment and other suspended solids. Thus, sediment is deposited in the
riparian zone rather than in the stream (Ritter et al. 2002).
In addition to nutrient filtering, riparian zones have many other functions. They can aid in
controlling water temperature through the vegetation's ability to shade a stream and reflect
infrared radiation from the sun (LeBlanc et al. 1997). They provide habitat and sources of food to
wildlife as well as many endangered, threatened, and migratory species, so riparian areas
generally have a greater diversity of organisms than neighboring uplands. The trees supply litter
and other organic matter to the stream system by dropping leaves, branches, and other detritus,
thereby providing energy to the food web and structural complexity to the stream system (NRCS
1996; Welsch 1991). The root systems of the plants in the riparian zone provide stability to
stream banks, help to control downstream flooding, and maintain baseflow. Finally, riparian
zones can be aesthetically valuable and provide recreational benefits to people (NRCS 1998).
The size dimensions of a riparian zone are extremely important to its functions and
abilities. The necessary size of the riparian zone is dependent upon the adjacent land use
patterns, which can have negative impacts on water quality (Mander et al. 1995; Mensing et al.
1998). In fact, land use involving agricultural, residential, or urban use has been shown to
contribute nitrogen to the surrounding watershed, which contrasts with the nitrogen absorption
capabilities of forestland (Basnyat et al. 2000). This information indicates that the nutrient load
of a water body is dependent in part upon the adjacent land use, so in general, watersheds with
more agricultural or developed land may require larger riparian zones than watersheds with little
agricultural or developed land. If these agricultural and developed areas reduce their pollutant
loading through conservation or other means, riparian zones may not need to be as large as those
needed in locations with greater nutrient loading. Studies have shown that inadequately sized
riparian zones do not provide waterways with enough protection from non-point source pollution
(Ensign andMallin 2001).
The physical boundaries of a riparian zone are difficult to delineate because all of the
components of the zone interact with each other to perform the vital functions (Gregory et al.
1991). There is no distinct location at which a riparian zone begins and an upland area ends
because changes in soil, vegetation, hydrology, and other features occur as gradients. The
problem ofdelineating riparian zones is only exacerbated by the fact that there is no standardized
definition to identify their specific features and boundaries. For the purposes of this study,
riparian forest buffers will be used to define the physical boundaries of the riparian zone since
forest vegetation can easily be identified on high-resolution aerial photography.
RIPARIAN FOREST BUFFERS
According to Welsch (1991), the United States Department of Agriculture (USDA)
Forest Service defines a riparian forest buffer (RFB) as follows:
An area of trees and other vegetation located in areas adjoining and upgradient from
surface water bodies and designed to intercept surface runoff, wastewater, subsurface
flow and deeper groundwater flows from upland sources for the purpose of removing or
buffering the effects of associated nutrients, sediment, organic matter, pesticides or other
pollutants prior to entry into surface waters and groundwater recharge areas.
This definition is based on the presence of trees and other forest vegetation, so the boundaries of
an RFB are much easier to define than boundaries of a riparian zone. An RFB extends from the
stream to the outer edge of adjacent forest vegetation, making the extent of the buffer relatively
simple to visualize and delineate. It is important to note that vegetation is only one component of
a riparian zone, and this study uses the boundaries of the RFB as a surrogate for the actual
boundaries of the riparian zone.
Scientists agree that width is an important characteristic of RFBs, but there is little
agreement regarding the optimal width. This lack of consensus is likely due to the fact that most
research studies focus on only one function of RFBs, and each function may require a different
buffer width to be performed successfully. Sparovek et al. (2002) determined that a RFB of 52 m
wide was necessary to protect water quality in southeast Brazil based on sediment yield,
minimum width to maintain a functional forest ecosystem, and the amount of buffer
encroachment on productive agricultural land. Spackman and Hughes (1995) proposed that a
RFB of 10 m to 30 m above the high water mark was necessary to conserve the biological
richness of plant species along Vermont streams. They also suggested that widths between 75 m
and 175 m were required to preserve biological richness of bird species, and widths less than 10
m were necessary to conserve richness of mammal species. Barbour et al. (1999) stated that a
RFB of 1 8 m is required to maintain water quality, and this width was based on the methodology
described by Barton et al. (1985) for maintaining trout habitat in southern Ontario. Mander et al.
(1997) claimed that a RFB of 5 m to 50 m, depending on the soil and topography, is generally
necessary to filter nutrients from agricultural runoff in the US and Estonia. Phillips (1989)
affirmed that RFBs between 40 m and 80 m wide are required to control non-point source
pollution on poorly drained soils, and RFBs of 15 m to 60 m wide are necessary on
better-
drained soils. The widths vary within these ranges based on other factors such as vegetation
density and ground surface roughness. Even though a difference of opinions exists among
scientists, they can agree upon one fact: the optimal buffer width varies with location and the
specific function that is being studied (Spackman and Hughes 1995).
The Forest Service has width recommendations for RFBs in agricultural areas such as the
Canandaigua Lake Watershed. The purpose of RFBs is to filter nutrients, sediment, organic
materials, and pesticides from runoff and subsurface flow, and they should be comprised of three
different zones (Welsch 1991). Zone one begins at the top of the stream bank and extends 4.5 m
perpendicular to the bank. It should be comprised of mature trees that are not harvested, and
large vehicles and equipment are prohibited from this zone unless there is a stream crossing or
stabilization project. Zone two begins at the edge of zone one and extends 18.5 m perpendicular
to the bank. It should be comprised of trees and shrubs that are periodically harvested to allow
for rapid growth and litter deposition. Zone three begins at the edge of zone two and extends 6 m
perpendicular to the bank. It is comprised of grasses that should be harvested or grazed
periodically to maintain vigorous growth (Welsch 1991). These recommendations give a total
RFB width of 29 m and are minimum values. The total width should be adjusted for slope and
soil permeability. It should also be noted that the Forest Service recommends using RFBs in
conjunction with other land management strategies to ensure adequate performance and prevent
adverse impacts to the buffer vegetation and hydrology (Welsch 1991).
The NRCS has updated the Forest Service's width recommendations. The three-zone
system is still used, but the recommended width of zone one and zone two is 30 m. Also, a 6 m
herbaceous filter strip is recommended as zone three when the RFB is adjacent to crop land or
other highly erosive or sparsely vegetated areas (NRCS 2003). This study uses the 30 m width
requirement to analyze RFBs in the Canandaigua LakeWatershed analyses.
WATER QUALITY ASSESSMENT PARAMETERS
There are several types of parameters that can be used to assess water quality. These are
physical, chemical, and biological parameters, and they are often analyzed in conjunction with
one another to understand the whole story of the site assessment. For example, biological
parameters such as benthic macroinvertebrate community composition can show the overall
water quality of a site, and
populations respond quickly to change due to relatively short life
cycles. Therefore, community composition can give a quick and comprehensive look into current
water quality conditions.
Chemical parameters can show the current concentrations of the
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pollutants that are present but are more useful when used over time with discharge data to
monitor changes in concentrations and pollution load. The physical parameters such as RFB size
and structure can help to characterize impacts on aquatic ecosystems throughout history since
RFBs have long life cycles, and their presence or absence affects stream ecology. In other words,
each parameter type shows water quality and stream ecology impacts over a different length of
time. Therefore, all of the parameters can be considered as pieces of a puzzle that are put
together to see the whole picture. Table 1 describes the parameters measured during this project,
and the information was summarized from Barbour et al. (1999), Bode et al. (2002), Mitchell and
Stapp (1997), NRCS (1998), and Wang and Yin (1997).
Table 1: Site assessment parameters. Physical, chemical, and biological parameters are important data to gather
during any site assessment. This table describes several parameters that are used in conjunction with one another to
assess impacts to water quality.
Parameter Type Measure Importance/Effect
Benthic Macroinvertebrates Biological Overall water quality Communities are affected by impacts
to the stream
Depth/Width/Current Physical Dimensions of stream Used to calculate discharge and
loading
Temperature Physical Water temperature Affects dissolved oxygen and
biodiversity
Canopy Cover Physical Percent of area shaded by
tree canopy
Affects shade, temperature, RFB
quality, and rates ofphotosynthesis
Embeddedness Physical Sedimentation Affects substrate's ability to function
as habitat
Substrate Composition Physical Percent ofparticle sizes in
substrate
Affects substrate's ability to function
as habitat
Conductivity Chemical Ions Affects water salinity and osmotic
balance oforganisms
Dissolved Oxygen Chemical Amount of oxygen
dissolve in water
Respiration
pH Chemical Acidity Affects heavy metal leaching and
toxicity ofwater to organisms
Nutrients Chemical Concentrations of nutrients Affects eutrophication and algal
blooms
Total Suspended Solids Chemical Suspended material Affects light penetration, heat
absorption, dissolved oxygen
Rapid biological assessment is the most effective way to evaluate the overall impacts of
non-point source pollution on water quality (Barbour et al. 1999). Rapid bioassessment involves
the use of populations of organisms as indicators of the habitat and water quality of an aquatic
11
ecosystem, and it can be performed using diatoms, fish, or benthic macroinvertebrates as
indicators. Samples are collected, identified, and used as parameters in a variety of tests and
models that determine overall water quality and assess impacts to streams (Bode et al. 2002).
Benthic macroinvertebrates are abundant in the benthos of most streams, so assessments using
them as water quality indicators are easy, inexpensive, and can be performed onsite if desired
(Barbour et al. 1999). Macroinvertebrates are good indicator communities because they migrate
very little or not at all, they have a wide range of tolerances to pollution, and their life cycles are
relatively short (usually one year). Therefore, they are sensitive to local changes in condition
such as the amount or type of pollutants that enter the aquatic system, and community
composition changes from year to year can indicate potential pollution problems (Barbour et al.
1999). In addition, macroinvertebrates indicate overall water quality, so their community
composition is reflective of synergistic effects, lower than detectable limits, and non-chemical
impacts to the stream system (Bode et al. 2002).
STUDY AREAS
Two study sites in the Canandaigua LakeWatershed
were chosen for this project: the Fall
Brook and the Sucker Brook subwatersheds (Figure 1). The Fall Brook subwatershed is located
in the northeastern corner of the Canandaigua Lake Watershed, and it has an area of 1553 ha.
Fall Brook is 12 km long with a gradient of 0.0030 m/m. The Sucker Brook subwatershed is
located in the northwestern corner of the watershed and has an area of 2340 ha. Sucker Brook is
12.5 km long with a gradient of 0.0026 m/m.
Both streams are intermittent in their upstream
sections and perennial near their outlets to Canandaigua Lake. Additionally, both subwatersheds
contain forest, agriculture, and urban land uses. The
Fall Brook and Sucker Brook subwatersheds
were chosen because they are similar in terms of gradient,
stream length, area, and types of land
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use; however, the amount of each land use and land cover differs between the two
subwatersheds. This allows for the control of as many factors as possible when conducting a
RFB width analysis. Figure 3 shows the relative distributions of land uses in the Fall Brook and
Sucker Brook subwatersheds.
Figure 3: Land use distribution within the Fall Brook and Sucker Brook subwatersheds. Fall Brook and
Sucker Brook are located within the Canandaigua Lake Watershed in Ontario County, New York. The pie chart on
the left represents the relative composition of land uses in the Fall Brook subwatershed, and the pie chart on the right
represents the relative land use distribution in the Sucker Brook subwatershed (Kevin Olvany, personal
communication, 2004).
PROJECT GOALS AND EXPECTED OUTCOMES
The Canandaigua Lake Watershed Council has recently turned its attention to identifying
streams and segments of streams within the watershed that lack riparian areas. In fact, money has
been set aside to work with local farmers in restoring RFBs because their creation and
maintenance has proven to be beneficial to improving water quality and managing stream
ecosystems (Canandaigua Lake Watershed Council 2003b; Osborne and Kovacic 1993). The
project presented in this paper will aid the council's work by identifying potential areas in which
to create buffers as well as to devise buffer width recommendations specific to the Canandaigua
Lake Watershed and subwatersheds. In addition, this research will provide a scientific
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understanding of the importance ofRFBs in agricultural watersheds that may be used as the basis
for education and requesting additional funds (Kevin Olvany, personal communication, 2003).
The results of this study can aid in future land use decision-making and suggest appropriate uses
of funds.
In light of the benefits of RFBs on stream ecology, the overall hypothesis addressed in
this project is as follows:
There is a positive correlation between current RFB width and water quality in the Fall
Brook and Sucker Brook subwatersheds.
To test this hypothesis, the project uses benthic macroinvertebrate community composition with
various water quality models, geographic information systems (GIS) analysis, comparison with
NRCS recommendations for RFB width, and statistical analysis in order to assess the current
water quality impacts in the subwatersheds and to develop buffer width recommendations that
are specific to the Canandaigua LakeWatershed. The project goals are as follows:
To determine if buffers meet the recommendations of the NRCS and if these are
sufficient to protect water quality
- To determine overall water quality using several models and parameters
- To estimate the amount of annual runoff
MATERIALS ANDMETHODS
Several methods of data collection and analysis were used throughout this study. A GIS
analysis was conducted to calculate average RFB widths within both subwatersheds and to
determine if the RFBs meet NRCS width recommendations. Macroinvertebrate community
compositions were input into several biological water quality models to estimate overall water
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quality. Physical and chemical parameters were also collected from the macroinvertebrate
sampling sites. These data were used in statistical analyses to determine the existence of
correlations between RFB width and water quality. Additionally, a runoff model was used to
estimate volumes of annual runoff from the subwatersheds. Themethods are explained below.
GIS ANALYSIS
For ease in understanding the GIS terminology, the term "riparian
buffer"
is used for the
digitized areas that represent existing RFBs along the streams. The term "theoretical
buffer"
is
used when referring to buffers created in ArcView 8 GIS software using the Buffer Wizard tool.
A GIS database was created for the Canandaigua Lake Watershed using available data from
Ontario County. The database consisted of files for streets, streams, watershed boundaries,
topography, soils, municipal boundaries, 2002 digital ortho quarter quadrants (DOQQs), and
land use/land cover. All of these files excluding DOQQs were clipped to the boundaries of the
Sucker Brook and Fall Brook subwatersheds using an overlay function in ArcView.
Using the GIS database as a guide, five sites per stream were selected for field sampling and
data collection. Local land use transitions were identified on the DOQQs, including observable
changes in RFB width and changes from agriculture to forest to urban land uses. After
identifying the land use transitions, data collection sites were selected such that they were
located near the identified land use transitions and near road access points, since landowner
permission also played a role in the site selection. Sites were not selected according to features
other than land use, RFB width, and road access because there was insufficient time to walk the
entire length of each stream before choosing sample points.
The drainage areas to each of these ten proposed data collection sites were delineated using
topography as a guide. Both
subwatersheds were then clipped into drainage sections along the
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delineated lines using an overlay function. A union file was created from land cover data and the
drainage sections, and the attribute table of this file was exported to an Excel spreadsheet to
calculate the percentage of land uses within each drainage section. Cumulative percentages were
calculated to show the amount of each land use that lies upstream from each point.
Average RFB Width
With the DOQQs and the Editor Toolbar in ArcView, the current visible RFBs along Fall
Brook and Sucker Brook were digitized. A one-meter thick theoretical buffer was created within
the outer edges of the riparian buffers using the Buffer Wizard tool. Essentially, the product was
an outline of the last meter of the riparian buffers as shown in Figure 4. One-meter thick
theoretical buffers were also created along the streams to form features with areas so that the
union in the next step could be carried out. A union can only be performed between similar
feature types (e.g. polygons and polygons). A union file was then created with the riparian buffer
outline and the buffered stream, and the interior stream buffers within the riparian buffer
polygons were selected and deleted so that their areas would not be double counted.
Using the Spatial Analyst extension, the stream file and the union file were converted to
raster images with cell sizes of one square meter. In converting the union file to raster, the
one-
meter buffers were assigned values of one, and all other cells were assigned a value of zero. A
cost-weighted distance function was then used with the raster stream file to assign distance
values to each cell from the stream to the subwatershed boundaries, producing a distance surface
image (Figure 5). Next, the Raster Calculator function was used to multiply the distance raster by
the union raster. This created a file in which the one-meter thick riparian buffer outline was
present, but the values of those cells
represented their distances from the stream. These data
showed the maximum buffer width at each meter of the
stream.
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Figure 4: Theoretical buffer of the outer edges of a riparian forest buffer. RFBs were digitized using GIS
software, and a one-meter thick theoretical buffer was created within the outer edges using the BufferWizard tool in
ArcView 8. The figure illustrates the location of the theoretical buffer in relation to the stream and the RFBs.
Figure 5: Distance surface image. A cost-weighted
distance analysis was conducted with GIS to determine the
riparian forest
buffers'
distances from the streams. Above is the distance surface image with the riparian forest
buffers outlined in green. The values associated with each
color are distances from the stream in meters.
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The attributes from the raster calculation were exported from ArcView and opened in an
Excel spreadsheet. This data contained a column of cell values and a column containing the
number of cells with each value. The cells containing a value of zero were not excluded from the
data so that locations with no RFB could be considered in the average RFB calculation. The
value was multiplied by the number of cells that contained the value, and the products were
added together. The resulting sum was the total area of riparian buffer. This sum was divided by
the total number of cells to give an average riparian buffer width for each stream. The riparian
buffers in each drainage section were reclassified with a value of one, and the previous steps
were repeated for each drainage section to give an average riparian buffer width for each
drainage section. The total amount of riparian buffer in each drainage section was also
calculated. Cumulative values were calculated to show the average width of all of the RFB that
lies upstream of each point.
RFB Recommendation Analysis
Using the Buffer Wizard tool in ArcView, a 30 m theoretical buffer was created around the
streams, since this value corresponds with the NRCS recommended combined width of zone one
and zone two. This theoretical buffer was used to clip the land use data using an overlay
function. The resulting clipped land use file and the drainage sections were used to create a union
file that contained all of the land uses within 30 m of the stream for each drainage area. The
attribute table of the union file was exported from ArcView and opened in an excel spreadsheet
where the percentage of each land use within the 30 m buffer was calculated for each drainage
section. The resulting calculations
showed the area of the recommended riparian buffer that
contains forest. Additionally, cumulative percentages were calculated to show the amount of
each land use that lies upstream of each point.
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BIOLOGICALWATER QUALITY MODELS
All ten sites were visited on November 9, 2003, to collect field data and macroinvertebrate
samples. However, one site on Fall Brook and one site on Sucker Brook were found to be
unsuitable due to lack of adequate stream flow and overgrown vegetation. A second site on Fall
Brook was unsuitable because the stream bottom consisted of bedrock. Samples could not be
taken at these sites. Benthic macroinvertebrate samples were collected from the remaining seven
sites using the traveling kick-sample method outlined in Bode et al. (2002).
In addition to macroinvertebrate samples, water samples were collected in plastic bottles for
later analysis of total phosphorous, nitrate, and total suspended solids concentrations by a
contracted laboratory. Using a Yellow Springs Instruments (YSI) multimeter, dissolved oxygen,
conductivity, pH, and temperature were measured at each site. A flow meter was used to measure
current speed and depth of the stream, and a measuring tape was used to determine the width of
the stream at each site. Estimates of embeddedness, canopy cover, and substrate composition
percentages were also recorded.
Macroinvertebrate samples were processed according to the method outlined in Bode et al.
(2002) and identified to the family level when appropriate according to personal communication
with Robert Bode (2004). The community composition data for each site were entered into four
family-level water quality models: Family Richness, Family Ephemeroptera Plecoptera
Trichoptera (EPT) Richness, Family Biotic Index (FBI), and Percent Model Affinity (PMA). The
scores of these tests were standardized to a zero to ten scale in which zero represented severe
impact and ten represented no impact. An average score for each site was calculated from the
standardized scores (Robert Bode, personal communication, 2004). Additionally, an overall
water quality score was
calculated for each stream so that comparisons could be made between
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Fall Brook and Sucker Brook. Appendix A lists the methods for conducting each model, biotic
index scores, and the formulae for standardizing the water quality scores.
STATISTICAL ANALYSIS
A correlation analysis was conducted using MINITAB Statistical Software. The
correlation coefficient (r) and p value were calculated for every combination of ten factors to
determine if significant correlations exist between any of the factors. The factors that were
investigated are water quality score, average RFB width, the amounts of each land use in the
drainage sections, the amounts of each land use within 30 m of the streams, and subwatershed.
Several best subsets regressions were conducted using different combinations of the
factors listed above. Best subsets regression allows all possible combinations of the factors to be
included in regression models, and the results show the coefficients of determination (R2) for
each possible model. This allows for selection of the best regression model based on available
data. Only one best subsets regression is necessary, but, in this case, there were many more
factors than degrees of freedom. There were only seven data points and six degrees of freedom.
Therefore, only five factors could be used at one time with the water quality score.
Several stepwise regressions were conducted using all of the factors listed above with
forward selection and backward elimination. Again only water quality and a maximum of five
other factors could be used. A fitted line plot was also created using water quality score against
width, and a Student's t-Test was conducted
with a
= 0.05 using average water quality scores for
each stream to determine if the water quality ofone stream is significantly better than the other.
RUNOFF MODEL
The runoffmodel that was used in this project was developed at Kent State and Purdue
Universities through a grant from the Ohio Environmental Education Fund, a program
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established by the Ohio Environmental Protection Agency. The model is the Long-Term
Hydrologic Impact Assessment (L-THIA). L-THIA uses soil permeability, land cover, and
precipitation data to calculate an estimate of annual runoff and track changes over time. Curve
numbers (CN) are assigned to each soil/land use combination, and an area-weighted curve
number is calculated. The weighted curve number corresponds to an annual runoff value in
inches (in) that is location specific. Essentially, the curve number is an overall rating of the
combined effects of soil type and land cover on the amount ofrunoff (Harbor and Grove 1997).
Using the GIS database and an overlay function in ArcView, a union layer was created for
each subwatershed from soil and land use data. This process created a data layer with polygons
for unique soil and land use combinations for each subwatershed. The attribute tables for the two
union layers were exported from ArcView and opened in an Excel spreadsheet, and all fields
were deleted except for soil permeability, area, and cover type.
The soil permeability and land cover attributes were reclassified according to L-THIA
requirements. Soil permeability data were expressed only as slow, moderate, rapid, or very rapid,
so these categories were reclassified as D, C, B, and A, respectively, using the NRCS Soil
Survey classification. Land cover types were reclassified, and the soil/land cover combinations
were assigned curve numbers according to NRCS (1986). A table of the assigned curve numbers
can be found in Appendix B.
Following Harbor and Grove (1997), the curve number for each soil/land cover combination
was multiplied by the area of each polygon containing the combination to calculate
area-
weighted curve numbers for each polygon. These area-weighted curve numbers were added
together, and the sum was divided by the total area of the subwatershed to give an overall
area-
weighted curve number for each subwatershed.
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Annual inches of storm runoff corresponding to each curve number were calculated
following Harbor (1994) using 54 years (1948-2001) of available daily precipitation data for
Canandaigua, New York. The table in Appendix C lists curve numbers and annual inches of
storm runoff corresponding to each. The overall area-weighted curve numbers for Fall Brook and
Sucker Brook were compared to the table of runoff values to determine the annual inches of
runoff for each subwatershed. These values were multiplied by the total area of the subwatershed
to calculate the volume of annual storm runoff for each subwatershed (Harbor and Grove 1997).
The land cover of each subwatershed was reclassified to create several model simulations
including all forest, all agriculture, all residential, and all commercial. The above procedures
were repeated for these simulations, and results were compared to the current state ofmixed land




Using the GIS database, ten sites were proposed for field sampling ofmacroinvertebrates,
chemical parameters, and physical parameters
with five sites per stream. The drainage area to
each proposed site was delineated, and the land uses within each drainage area were calculated
discretely and cumulatively. Figure 6 shows
the data collection sites within each drainage area,
and Table 2 lists the cumulative land uses that drain to each sample point. In general, the
percentage of agriculture decreases and the percentage of urban land use increases in the
downstream direction on Sucker Brook. The percentage of total
RFB also decreases downstream,
but the percentage of non-riparian forest
increases. On Fall Brook, the percentage of agricultural
22
land remains fairly constant throughout the length of the stream. The percentage of urban land
decreases between FBI to FB3 and then increases in the downstream direction between FB3 and
FB5. The percentage of RFB also decreases downstream, and the percentage of non-riparian
forest peaks at FB2 with decreases downstream. In comparison, Sucker Brook contains a higher
percentage of urban land that Fall Brook but contains smaller percentages of RFB and total
forest. The percentage of agricultural land is similar between the two subwatersheds.
Figure 6: Data collection sites and drainage sections. Ten sites were proposed for macroinvertebrate sampling
and data collection, but data were collected from only seven sites due to
overgrown vegetation, little flow, or
bedrock. The drainage areas to each site were delineated. The figure shows the locations and distribution of the data
collection sites along with the land areas
that drain to each site. The red symbols represent the sites at which
macroinvertebrate samples were collected, and the green symbols represent the sites that could
not be sampled. The
Sucker Brook subwatershed is on the left in pink, and the Fall Brook subwatershed is on the right in yellow. The
streams flow along the blue lines toward
the center of the figure. The black lines indicate boundaries for the areas
that drain to each sample point.
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Table 2: Cumulative land use distribution for the drainage area of each site. Each subwatershed was divided
into individual drainage sections, and the amount of each land use was calculated for each drainage section. This
table displays the relative amounts of each land use and the total area that lies upstream from each sample point.
RFB is riparian forest buffer.






SB1 63.48% 33.03% 3.02% 36.05% 0.48% 0.00% 43
SB2 85.24% 9.27% 2.74% 12.01% 2.75% 0.00% 226
SB3 70.02% 9.29% 14.90% 24.19% 5.79% 0.00% 1136
SB4 60.30% 7.74% 18.12% 25.86% 13.85% 0.00% 1699
SB5 50.45% 6.35% 18.22% 24.57% 24.76% 0.22% 2156
SB Total 48.41% 5.95% 19.22% 25.17% 25.67% 0.75% 2340
FBI 45.02% 25.93% 16.10% 42.03% 12.95% 0.00% 178
FB2 45.89% 16.62% 27.90% 44.52% 10.59% 0.00% 366
FB3 53.95% 12.77% 24.58% 34.35% 7.96% 0.74% 741
FB4 48.80% 11.66% 18.44% 30.10% 10.20% 10.90% 1472
FB5 46.92% 11.79% 18.92% 30.71% 11.00% 11.37% 1534
FB Total 46.95% 11.65% 18.71% 30.36% 11.35% 11.34% 1553
The average RFB width of each drainage section was calculated along with the
cumulative average width of RFB that lies upstream from each sample point. The cumulative
widths are displayed in Table 3. The average RFB width decreases in the downstream direction
on both streams; however, Fall Brook's average RFB width is larger than the average width
within the Sucker Brook subwatershed. It is extremely important to note that the RFBs are not
contiguous, so the average width values can be deceiving. Perhaps a
median width value is more
appropriate than a mean value. Large RFBs are present at some locations on the streams while
other areas completely lack RFBs. To address
this problem, the land uses within 30 m of each
stream were investigated to determine how much of the recommended area contained RFB.
Table 3: Cumulative average RFB widths for each site. The average
RFB width was calculated for each drainage
section as well as the total area that lies upstream from each site. This table lists
the cumulative average RFB width
for the area upstream from each site.
Site
Total















The land uses that are upstream from each data collection site and within 30 m of the
stream are displayed in Table 4. Note that all of the land uses summarized in Table 4 fall within
30 m of the stream. On Sucker Brook, the percentage of agriculture within 30 m of the stream
increases between SB1 and SB2 but decreases downstream from SB2. The percentage of RFB
decreases between SB1 and SB2 and then increases until reaching site SB4. RFB decreases
downstream from SB4 where the percentage ofurban land increases dramatically.
The percentage of agricultural land use follows a similar pattern on Fall Brook as it does
on Sucker Brook. The percentage increases between FBI and FB2 and decreases downstream of
FB2. The RFB percentage between FBI and FB2 decreases but then increases between FB2 and
FB3. The percentage of RFB decreases again between FB3 and FB4 and remains relatively
constant between FB4 and FB5. The percentage of the 30 m buffer covered by urban land
consistently increases in the downstream direction on both streams. Overall, the area within 30 m
of the stream is 53.6% covered by RFB on Fall Brook, but only 39.5% of this area is covered by
RFB on Sucker Brook. These results suggest that Fall Brook's water quality is better than the
water quality ofSucker Brook based on the hypothesis, and this idea is discussed in the statistical
analysis. The most important result to understand from this portion of the analysis is that the area
within 30 m of the stream is not 100% covered by RFB. In the ideal situation, the total area of
RFB upstream from each site would equal the total area values in Table 4. Appendix D contains
images showing the location of the RFBs in
relation to the area within 30 m of the stream.
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Table 4: Cumulative land use composition within 30 m of the stream for each site. A 30 m buffer was created
around the streams, and the amount of each land use within the buffer was calculated. The table below displays the
relative amounts of each land use and the total area within the 30 m buffer that lies upstream from each site.
Site Agriculture RFB Urban Unknown Current RFB (ha) Total Area (ha)
SB1 52.12% 47.88% 0.00% 0.00% 2 4
SB2 62.45% 36.25% 1.30% 0.00% 5 13
SB3 56.59% 39.29% 4.11% 0.00% 25 65
SB4 52.84% 41.22% 5.94% 0.00% 40 98
SB5 49.61% 40.49% 9.91% 0.00% 43 107
SB Total 47.45% 39.50% 11.52% 1.53% 44 112
FBI 1.76% 98.24% 0.00% 0.00% 6 ,6
FB2 36.23% 62.89% 0.88% 0.00% 10 16
FB3 23.74% 71.60% 1.88% 2.78% 27 38
FB4 20.72% 52.92% 2.35% 24.01% 43 80
FB5 19.22% 54.87% 3.43% 22.48% 48 87
FB Total 20.55% 53.60% 4.03% 21.83% 48 89
BIOLOGICAL WATER QUALITY MODELS
Three of the ten proposed sites were unsuitable for data collection. One site on Sucker
Brook and one site on Fall Brook were too overgrown with emergent and herbaceous vegetation
to enter the sites, and the flow in both locations was minimal. They appeared to be wetland areas
rather than flowing streams. The second unsuitable site on Fall Brook contained no substrate for
macroinvertebrates to live in since the stream bottom was composed only of bedrock. Figure 6
displays the sites from which macroinvertebrate samples and other data were collected.
After the data collection stage, the macroinvertebrate samples were processed and
identified to the order or family level where appropriate. Appendix E displays the
macroinvertebrate community composition at
each data collection site. Refer to Appendix F for
other data measured during field assessment. After macroinvertebrate identification, the
community composition
data were input into four water quality models, and the scores of these
tests were standardized to a zero to ten scale.
Standardization created ease in comparing scores
and calculating an average
score for each site. Table 5 shows the results of each water quality
index as well as the standardized scores and overall
level of impact for each site. The overall
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water quality of Sucker Brook improves in the downstream direction until site SB4 and declines
downstream from SB4. In contrast, the overall water quality of the lower half of Fall Brook
declines in the downstream direction, but conditions upstream from FB3 are unknown. It is
important to note that the average score of site SB3 is close to the transition point of2.5 between
severe degradation and moderate degradation. Likewise, the scores for FB3 and FB4 are near the
transition boundary of 5.0 between moderate degradation and slight degradation.
Table 5: Water Quality Results. Macroinvertebrate samples were collected from Sucker Brook and Fall Brook.
The samples were processed and identified to the family level when possible, and the community composition data
were input into several water quality models. The scores of these models were standardized to a one to ten scale so
that comparisons could be made. This table lists the standardized scores with actual scores in parenthesis. The levels
of impact are also listed along with the overall results for each site. Richness is Family Richness. EPT is Family
Ephemeroptera Plecoptera Trichoptera Richness. FBI is Family Biotic Index, and PMA is Percent Model Affinity.

























































Average 1.61 2.40 6.10 3.23 5.07 4.99 1.91
Impact Severe Severe Slight Moderate Slight Moderate Severe
The average water quality score for Sucker Brook was calculated to be 3.34 with a
standard deviation of 1.96. Likewise, the average water quality score for Fall Brook is 3.99 with
a standard deviation of 1.80. Both of these scores indicate moderate degradation with wide
variation; however, it is important to remember that no samples were collected upstream from
FB3. Therefore, the overall water quality score for Fall Brook is reflective of only the
downstream portion of the subwatershed.
STATISTICAL ANALYSIS
No significant correlations were found between the macroinvertebrate water quality
scores and the other factors using an a value of 0.05. However, the RFB width and the
percentage of RFB within each drainage area seem to be the most influential factors to water
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quality based on the r values and p values in Table 6. Significant correlations between other
factors are designated with two asterisks in Table 6.
Table 6: Matrix of r and p values for ten factors. A correlation analysis was conducted with ten different factors
to determine if any significant correlations exist. This table lists the correlation coefficients and p-values for every
combination of the ten factors. The term
"Buffer"
indicates percentage of the land use that is found within 30 meters
of the streams. The term
"Shed"
indicates the percentage of the land use within each drainage section of the
respective subwatershed.
** indicates significant correlations with an a value of 0.05. * represents correlations that




























































































































Several best subsets regressions were conducted with inconclusive results. All of the R
values were low, indicating that none of the best subsets models accounted for all or even a
majority of the variation in water quality
scores. On the other hand, the best subsets seemed to
include the amount of RFB in the subwatershed most often. Since the amount of RFB in the
subwatershed and RFB width are highly correlated (Table 6), these results suggest that width is
one of the more influential factors to water quality, but seven data points were not sufficient to
conclude that a statistically significant relationship
exists at the a = 0.05 level. Table 7 displays
the results ofone of the best subsets regressions.
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Table 7: Best subsets regression. Several best subsets regressions were conducted to determine the combination of
land use factors that yield the best regression model. This table displays the results of one of the regression tests.
The term
"Shed"
is shortened from subwatershed. The symbol
"X"














1 23.3 8.0 -0.7 1.6948 X
1 21.6 5.9 -0.7 1.7139 X
2 25.3 0.0 1.2 1.8700 X X
2 24.1 0.0 1.2 1.8857 X X
3 27.8 0.0 3.1 2.1234 X X X
3 25.9 0.0 3.2 2.1518 X X X
4 27.9 0.0 5.1 2.5987 X X X X
Several stepwise regressions were also conducted with inconclusive results. None of the
factors were statistically significant with an a value of 0.05, but the amount of RFB in the
subwatershed was the most influential factor. This result further suggests that width is one of the
more influential factors to water quality since RFB width and percentage in the subwatershed are
highly correlated (Table 6). Table 8 displays the results ofone of the stepwise regressions.
Table 8: Stepwise regression. Several stepwise regressions were conducted to determine which factors are the most
influential when all factors are present. The results of one regression test are displayed in this table. The response
factor is water quality score. The regression was performed using forward selection of a=0.5 and backward
elimination of a=0.6.
Step 1 2 3 4
Constant 4.866 0.8141 -14.4 -15.15
RFB in Subwatershed -0.094 -0.161 -0.802 -1.257
T-Value -1.23 -1.51 1.98 -3.12
P-Value 0.272 0.205 0.142 0.089
Total Forest in Subwatershed 0.17 2.05 3.01
T-Value 0.92 1.75 2.87
P-Value 0.411 0.179 0.103
Forest in 30 m Buffer -0.66 -1.05
T-Value -1.62 -2.75
P-Value 0.204 0.111
Urban in 30 m Buffer -0.55
T-Value -1.77
P-Value 0.219
Standard Deviation 1.69 1.72 1.45 1.11
R^
23.34 36.67 66.21 86.81
R^
(adjusted) 8.01 5.00 32.42 60.42
Figure 7 displays the regression line for water quality and width. Almost all of the points




21.6%. This value suggests that only 21.6% of the variability in the water quality score is
accounted for by the width of the RFB. Also, the slope of the fitted regression line is negative as
a result of fitting the outlier into the plot. It is important to note that the slope of the line can fall
anywhere within the 95% confidence interval, meaning that the true slope may actually be
positive. The fitted line displayed in Figure 7 is not the only possibility. Furthermore, the outlier
was not removed from the data because the number of data points was limited.
Regression Plot
WQ Score = 6.27050-0.0333037 Width
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Figure 7: Fitted line plot of water quality scores and riparian forest buffer width. A regression analysis was
conducted using width as the predictor
variable and water quality score as the response variable to investigate the
trend in the data. This figure displays the data with the best-fit regression line and bounds for the 95% confidence
interval about the regression line.
A Student's t-Test was conducted on the average water quality scores for each stream to
determine if the water quality of one stream is significantly better than the other. The test statistic
was calculated to be -0.458 with a p value between 0.5 and 0.8. Therefore, there is not enough
evidence to conclude that the overall water quality scores for the streams are significantly
different using an a value of0.05.
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RUNOFF MODEL
Appendix C lists curve numbers and the corresponding inches of predicted storm runoff
that are appropriate for Canandaigua, New York, and Table 9 shows the results of the L-THIA
model. Both subwatersheds would experience half as much storm runoff, or pollutant-containing
overland flow, per year if they were completely forested. In contrast, storm runoff values would
double in the case of all residential subwatersheds and triple if all land uses were agricultural.
Evenmore severe is the case of completely commercial subwatersheds, increasing the volume of
annual storm runoff by six times the current amount. Comparison reveals that Sucker Brook
would experience more annual runoff than Fall Brook in every situation; however, this difference
maybe due to Sucker Brook's larger area. Fall Brook's area-weighted curve numbers are greater
in every case, likely a result of a greater total area ofpoorly-drained class D soil.
Table 9: Results of the L-THIA model. Curve numbers were assigned to unique soil permeability and land cover
combinations using the specifications of L-THIA. An area weighted curve number was calculated for each
subwatershed, and the annual depth of runoffwas determined from precipitation data. The table below displays the
L-THIA results for the current state of mixed land use as well as the results of several model simulations. The
simulations assume that only one type of land use is present in the watershed and are listed for comparison purposes.
SUCKER BROOK Forest Agriculture Mixed (Current) Residential Commercial
Curve Number 73 88 80 85 94
RunoffDepth (in) 0.553 3.751 1.362 2.556 8.616
RunoffDepth (m) 0.014 0.095 0.035 0.065 0.219
RunoffVolume (m3) 325,000 2,205,000 801,000 1,502,000 5,064,000
FALL BROOK Forest Agriculture Mixed (Current) Residential Commercial
Curve Number 76 90 81 86 95
RunoffDepth (in) 0.818 4.884 1.545 2.901 10.074
RunoffDepth (m) 0.021 0.124 0.039 0.074 0.256
RunoffVolume (m ) 284,000 1,695,000 536,000 1,007,000 3,496,000
DISCUSSION
This analysis explores the connections between overall water quality and the biological
and physical parameters that influence it such as RFB, land use, and channel substrate. It does
not focus on the specific contaminants that may be present in the water. As a result, the
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biological and physical data are used extensively to investigate these connections, and the
chemical data serves mainly as baseline information that can used in futuremonitoring efforts.
SUCKER BROOK END-TO-END
The average RFB width upstream from site SB1 is 132.1 m and is much larger than
NRCS recommendations. Yet, the water quality is severely degraded with an average score of
1.61. Further investigation into the amount of RFB reveals that only half of the NRCS
recommended area found upstream from SB1 and within 30 m of the steam is covered by RFB,
even though the average width is very large. This is because the distribution of RFB is not
considered. The upstream area contains large amounts of RFB overall, but they are not
contiguous along the streams according to the images in Appendix D. The result is that many
stream sections are left with little or no RFB while other sections contain RFBs that are larger
than the recommendations. At SB1, the canopy cover is estimated to be 3%, meaning that this
section of the stream contains essentially no RFB, and the water temperature (3.82C) is warmer
at SB1 than the other Sucker Brook sites as a likely result of the lack of canopy cover. Also, the
embeddedness at the site is 1 00% with silt and clay comprising all of the substrate. These are
unfavorable living conditions for intolerant macroinvertebrates (EPA 1995; LeBlanc et al. 1997;
Mitchell and Stapp 1997). Since the land use immediately adjacent to SB1 is primarily
agriculture, it is likely that agricultural runoff in this area contains silt that cannot be filtered out
at SB1 due to the lack ofRFB. Additionally, the stream velocity at SB1 is fairly slow, only about
0.1 m/s on the sample date, and this may also contribute to the high silt content at SB1. In fact,
Bode et al. (2002) state that a velocity of 0.4 m/s is preferable for macroinvertebrate habitat. The
velocity at SB1 may not be fast
enough to carry much silt downstream, so it settles to the stream
bottom (Ritter et al. 2002).
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The average overall RFB width decreases by 10.4 m between SB1 and SB3; however, the
water quality improves to a score of 2.40. Looking at land cover distribution, this is an
unexpected finding. The percentage of upstream RFB within 30 m of the stream and within the
subwatershed overall decrease, while agriculture and urban land increase in the same locations.
However, land use conditions immediately adjacent to SB3 are improved from SB1. Agricultural
fields are adjacent to SB3, but a small amount of RFB with 55% canopy cover is also present, a
vast increase from the canopy cover at SB1. A likely result of the increase is the decrease in
water temperature from 3.82C at SB1 to 2.64C at SB3 (LeBlanc et al. 1997; Mitchell and Stapp
1997). The increase in canopy cover suggests that this specific site consists ofmore RFB than is
present at SB 1
,
even though the entire upstream portion actually contains a lower percentage of
RFB. The images in Appendix D show that the majority ofRFB between SB1 and SB3 is located
immediately upstream from and adjacent to SB3. These seem to indicate that the quality and
continuity of RFB are important to protect water quality in addition to quantity. The
embeddedness at SB3 decreases to 20% with only 65% of the substrate composed of silt and
clay, and the stream velocity increases to 0.2 m/s on the sample date. This information suggests
that some of silt from the agricultural runoff can be filtered by the RFB in addition to the faster
stream velocity washing more silt
downstream (EPA 1995; Ritter et al. 2002). The combined
effects of canopy cover, embeddedness,
substrate composition, stream velocity, and RFB seem to
create a much more suitable macroinvertebrate habitat than that of SB1, as is shown by the
higher water quality score and increase
in taxa richness. The water quality at SB3 is still severely
degraded, but it is important to note that the score is
near the boundary of 2.5 that transitions
from severe degradation to moderate degradation.
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Between SB3 and SB4, the average overall RFB width decreases to 61.8 m along with
the amount of upstream agriculture in the subwatershed and within 30 m of the stream.
Additionally, the amount of upstream RFB in the subwatershed decreases, but the amount of
RFB within 30 m of the stream increases between SB3 and SB4. Furthermore, the majority of the
RFB between SB3 and SB4 is found immediately upstream from SB4, as is indicated on the
images in Appendix D. These conditions are accompanied by a dramatic improvement in the
water quality score from 2.40 at SB3 to 6.10 at SB4, again suggesting that the amount of RFB
within 30 m of the stream is critical to the water quality at SB4 (41% of the area within 30 m of
the stream contains RFB). The canopy cover is greater at SB4 (60%) than the other two sites,
which may indicate that the quality of the RFB itself also improves. The water temperature
continues to decrease from 2.64C at SB3 to 2.43C at SB4, and this is likely a result of the
increase in canopy cover (LeBlanc et al. 1997; Mitchell and Stapp 1997). The embeddedness
increases slightly from the conditions at SB3 (20% to 35%), but the substrate contains much less
silt and muchmore of the larger particles like sand, gravel, and cobble. The velocity is also faster
at SB4 than at the other two sites, ranging from 0.3 m/s to 0.5 m/s on the sample date, so even
less silt and other fine particles can settle out of the water column (Ritter et al. 2002). These
conditions seem to offer a more favorable habitat for macroinvertebrates, and this is apparent in
the increased taxa richness from nine to fourteen total families and one to six EPT families
(Mitchell and Stapp 1997).
The average RFB width once again decreases between SB4 and SB5 along with the
amount of upstream agricultural land and RFB. These land use changes are accompanied by a
dramatic increase in the amount of upstream urban land. Within 30 m of the stream, agriculture
and RFB decrease to accommodate a large increase in urban land, and the decrease in RFB and
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increase in urban land may be linked to the water quality degradation between SB4 and SB5. The
non-contiguous distribution of RFB may also play a role in the degradation at SB5 (Appendix
D). The canopy cover at SB5 increases to 80% and likely influences the water temperature
decrease to 1.97C (LeBlanc et al. 1997; Mitchell and Stapp 1997). Furthermore, the
embeddedness increases from 35% to 50% between SB4 and SB5 with the majority of the
substrate composed of cobbles, and the velocity decreases from 0.2
- 0.4 m/s at SB4 to 0.2 - 0.1
m/s at SB5, potentially accounting for the increased embeddedness (Ritter et al. 2002). The
average water quality score of SB5 is 3.23 and represents moderate degradation. The canopy
cover and water temperature seem to be favorable to macroinvertebrate habitat; however, the
other physical factors do not seem favorable and may influence the water quality degradation
from SB4 to SB5 (Mitchell and Stapp 1997)
Overall, it seems as though there is not one distinct factor that controls the variation in
water quality on Sucker Brook. Important factors seem to be the type of land use found within 30
m of the stream and the condition of the forest cover. Under ideal circumstances, the entire area
within 30m of the stream would contain RFB, but ideal conditions do not exist on Sucker Brook.
This likely contributes to the degraded water quality that was found at SB1, SB3, and SB5. The
embeddedness, canopy cover, stream velocity, water temperature, and substrate composition are
also important factors because they affected the overall habitat in which the macroinvertebrates
live (Mitchell and Stapp 1997). RFBs directly affect the canopy cover and water temperature of a
site, and they play a role in controlling the embeddedness and the amount of silt in the substrate
through their filtering capacity. Therefore, RFBs can again be linked to the water quality,
although indirectly in this case. Another important factor seems to be the RFB distribution. RFBs
are not contiguous along Sucker Brook, and the
amount ofRFB found upstream of a sitemay not
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reflect the amount present at the site, as is the case with SB1. Upstream from SB1, 33% of the
subwatershed contains RFB and 48% of the area within 30 m of the stream contains RFB. This
information would suggest high water quality at SB1; however, the site is severely degraded,
potentially due to the lack of RFB locally and slow stream velocity. Therefore, upstream land
uses as well as the site's immediate surroundings are important influences to water quality.
FALL BROOK END-TO-END
The average RFB width at site FB3 is 84.5 m, which is larger than the NRCS
recommendations, and the water quality score at this site is 5.07. This score represents only
slight degradation, although it is near the transition between slight degradation and moderate
degradation. Forest and agriculture respectively constitute 37% and 54% of the upstream
subwatershed area, and RFB comprises 72% of the area upstream and within 30 m of the stream.
This large amount of RFB within 30 m of the stream combined with the presence of a large
section of continuous RFB (Appendix D) may account for the fact that the water quality at FB3
is only slightly degraded. The canopy cover is 40%, and the water temperature is 3.32C. In
addition, the embeddedness is estimated to be 35% with gravel and cobble comprising the
substrate. Since little silt is present at this site, the velocity is likely fast enough to prevent much
silt from settling at FB3, and the velocity was 0.8 m/s on the sample date (Ritter et al. 2002).
The average RFB width decreases between FB3 and FB4 along with the amount of
agricultural land and RFB in the subwatershed upstream from FB4. Likewise, the amount of
agriculture and RFB in the area upstream and within 30 m of the stream decreases from FB3 and
FB4, but the amount of urban land increases. A
decrease in the RFB within 30 m (72% to 53%)
and lack of RFB continuity on both sides of the
stream suggest (Appendix D) an expected
degradation in water quality between FB3 and
FB4 based on the hypothesis, and this is, in fact,
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the case. The water quality score drops from 5.07 to 4.99. The canopy cover increases from 40%
to 90%, likely resulting in the decrease in water temperature from 3.60C to 3.32C (LeBlanc et
al. 1997; Mitchell and Stapp 1997). In addition, the embeddedness at FB4 is 40%, which is
higher than that of FB3, with 5% silt in the substrate. The velocity decreases from 0.8 m/s to 0.4
m/s between FB3 and FB4 on the sample date, and this likely accounts for the increase in
embeddedness and silt content at FB4 (Ritter et al. 2002). Also, the embeddedness combined
with decreased RFB within 30 m of the stream probably contributes to the degradation in water
quality between FB3 and FB4. The level of impact at FB4 is moderate, but it should be noted
that this score is only 0.02 units below the transition point betweenmoderate and slight impact.
Between FB4 and FB5, the average RFB width decreases again, and this decrease is
accompanied by decreases in the amount of upstream agricultural land use within 30 m of the
stream and within the subwatershed. Furthermore, there is an increase in upstream urban land use
and RFB within 30 m of the stream and within the subwatershed. The increase in RFB within 30
m of the stream suggests that the water quality of FB5 will show less impact than the water
quality of FB4 based on the hypothesis, but this is not the case. The water quality score at FB5
drops dramatically to 1.91, representing severe impact. The degradation may be linked to the
lack of RFB in the immediate upstream area and the fact that the RFBs between FB4 and FB5
are not contiguous along both sides of the stream (Appendix D). Since the embeddedness
decreases from 40% to 15% between FB4 and FB5 and favorable substrate compositions are
found at FB5, these factors are likely not the causes of the severely degraded water quality.
Therefore, the canopy cover may play an important role. At FB4, the canopy cover is 90%,
indicating that the quality of the RFB within 30
m of the stream is good. On the other hand, the
canopy cover at FB5 is only
45%. This drop in canopy cover likely affects the increase in water
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temperature from 3.32C at FB4 to 3.90C at FB5 (LeBlanc et al. 1997; Mitchell and Stapp
1997). In addition, the stream velocity decreases on the sample date from 0.4 m/s at FB4 to a
range of 0.1 - 0.4 m/s at FB5. The unfavorable habitat conditions combined with an increase in
the amount of urban land within 30 m of the stream and non-contiguous RFB distribution may
account for the water quality degradation between FB4 and FB5 (Mitchell and Stapp 1997).
Similar to the conditions of Sucker Brook, no one distinct factor controls the variation in
the water quality of Fall Brook. Many physical parameters interact to form suitable habitat for
macroinvertebrates, and the amount of RFB within 30 m of the stream is only one of the
influential factors. The non-contiguous distribution of RFBs within 30 m of the stream also
seems to play an important role on Fall Brook, similar to site SB1 on Sucker Brook. Unlike
Sucker Brook, there is a constant decline in the water quality downstream from FB3, and this
decline is accompanied by a constant increase in the amount of urban land use and a constant
decrease in stream velocity. This may be an indication that Fall Brook is affected by urban land
uses and stream velocitymore so than Sucker Brook is affected.
SUCKER BROOK AND FALL BROOK COMPARISON
Comparison of the physical and biological parameters between Sucker Brook and Fall
Brook seems to suggest that Fall Brook is better suited to support favorable benthic
macroinvertebrate communities. Fall Brook contains fewer agricultural and urban land uses and
more RFB than Sucker Brook. Within 30 m of the stream, Sucker Brook has only 39.5% of the
area covered by RFB, while Fall Brook has 53.6% of the area covered by RFB. From this
information, the water quality of Fall Brook is expected to be better than the water quality of
Sucker Brook since there is a vast difference in the amount of forest that lies within 30 m of each
stream. In reality, there was not enough
data to conclude that the water quality ofFall Brook was
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significantly different from that of Sucker Brook based on the results of the Student's t-Test.
This may be due to the lack of water quality data upstream from FB3 and does not necessarily
imply that water quality and the amount of RFB are not correlated. Additional samples are
needed to better test this comparison and make an overall assessment.
CONCLUSIONS - RFB ANDWATER QUALITY CONNECTIONS
Based on the results of the statistical analysis, there is not enough data to conclude that a
statistically significant positive correlation exists between water quality and RFB width.
However, these results do not signify that a correlation does not exist since the results also show
that RFB width is one of the more influential factors to water quality. Similarly, the GIS analysis
and L-THIA results suggest that a correlation may exist, and the end-to-end analyses seem to
show that a correlation between water quality and RFB width may include indirect relationships
with other physical factors like embeddedness, canopy cover, substrate composition, and stream
velocity. Collection ofmore data from additional sites is necessary to determine the existence of
a significant positive correlation between water quality and RFB width.
The main mechanism by which RFBs filter runoff is through slowing the overland flow,
allowing more time for infiltration into the soil and deposition
of sediment before entering the
stream (Ritter et al. 2002; Vought et al. 1995). Since sedimentation of the stream is slowed in
this process, embeddedness and the amount
of silt in the substrate are reduced by the RFB, in
turn affecting the
macroinvertebrate community composition and overall water quality. Less
RFB means that less runoff can be slowed and filtered, and more overland flow can enter the
stream during a storm event, resulting in flash flooding
and less baseflow. This relationship is
apparent with the L-THIA results in Table 9. Completely forested subwatersheds resulted in half
as much storm runoff as the current mixed land use conditions produce. In fact, the forested
39
subwatersheds produced less storm runoff than any of the other simulations, indicating that forest
is important to controlling the amount of runoff produced. Since forest is important in reducing
the amount of runoff, it is not a stretch to suggest that the amount of RFB indirectly affect the
water quality by reducing overland flow and filtering the runoff that enters the stream.
Another conclusion is that the average RFB widths meet the NRCS recommendations,
but the area within 30 m of the stream is not 100% covered by RFB. The average RFB widths
upstream from each site are well over the recommended 30 m, yet the water quality is degraded
at most of the sampled sites. At first glance, these results seem to suggest that the NRCS width
recommendations for RFB are not adequate to protect water quality. However, RFBs are not
contiguous along the lengths of the streams, indicating that some areas of each stream do not
meet the NRCS recommendations. Therefore, it is difficult to determine whether the NRCS
recommendations are adequate. Further investigation shows that 100% of the area within 30 m of
the streams is not covered by RFB. In fact, less than half of that area is covered by RFB in the
Sucker Brook subwatershed (Table 4). Again, this suggests that the current RFBs in the
subwatersheds do not meet the NRCS recommendations, but it is difficult to determine
appropriate widths since a statistically significant positive correlation was not found with only
seven data points. On the other hand, these results suggest that average RFB width is not the only
RFB factor that should be assessed in a water quality study, since the RFB area within 30 m of
the stream is also important to water quality protection.
LIMITATIONS
There were several limitations throughout this analysis that may have affected the
outcomes. First, only one year and one season of sampling
data were available, and these
included only seven data points.
There were no replications in the data, and the inherent
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variability in the samples may have affected the statistical analysis. Initially, a second set of
sampling data was to be used from another study for comparison purposes and to provide
replications for the statistical analysis, but those data were unavailable at the time of the analysis.
In addition, macroinvertebrate life cycles vary, and different species emerge at different times of
the year. One season of sampling data may not capture the complete variety of species that
occupy a site throughout the year.
A second limitation is the level of accuracy in the macroinvertebrate samples. Species
level identification can give a more accurate water quality result than family-level identification
because the tolerance values for the Biotic Index model are more specific at the species level.
The family-level values are more or less averages based on the species-level values, so some
amount of detail is lost at the family level. Furthermore, the Richness and EPT Richness scores
would encompass more detail, likely resulting in greater accuracy. The PMA test is conducted at
the order level, so its results were probably not affected by family-level identification.
Another limitation is the uncertainty in Fall Brook's upstream water quality and
downstream land use. Sites FBI and FB2 were unfavorable for macroinvertebrate sample
collection using the kick sample method. Therefore, the state of the water quality upstream from
FB3 is unknown. It is difficult to generalize about Fall Brook's water quality since only half of
the stream was assessed. In addition, the land use shapefile used in the GIS analysis contained
several holes in the data for the downstream portion of Fall Brook, meaning that no land use
attributes were available for these sections. This also creates difficulty in assessing the true
impacts of land use on the water quality because these land uses are unknown.
A fourth limitation was a lack of sample sites that contained 100% forested cover within
the 30 m of the stream. Future studies should try to locate and/or isolate these areas and collect
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samples in order to test the impact of RFBs on water quality. Because of the noncontiguous
nature of the current RFBs, these sites may need to be located close together. This analysis may
also aid in determining the adequacy of the NRCS recommendations.
An additional limitation was the site selection process. Site selection was accomplished
using the GIS database, and there was not enough time in this study to walk the entire length of
each stream prior to site selection. As a result, the sites exhibited varying characteristics in terms
ofmacroinvertebrate habitat. Site SB1 contained 100% silt and clay substrate, while other sites
such as SB4 and SB5 contained little silt with much gravel and cobble. Ideally, the sites would
have been similar in terms of substrate, stream velocity, and other such factors, but time did not
allow for site visits before data collection.
FUTURE WORK
Several steps can be taken to further investigate this project. More data can be collected
throughout the entire Canandaigua Lake Watershed for the next several years to monitor any
changes that occur in the physical and biological parameters. Although this study was unable to
show a statistically significant correlation, it may still be present, so the additional data can be
analyzed statistically to determine if a significant positive correlation exists. Much more data
from additional subwatersheds is necessary before attempting a second statistical analysis.
Additionally, more chemical data can be collected to investigate the types of contaminants that
are present from year to year, and this may aid in determining which land uses have greater
impacts on water quality on a local scale. Multi-season sampling is also important since
macroinvertebrates have varying life cycles, and species emerge at different times of year.
A second step that can be taken
involves adjusting the NRCS recommendations for slope
and soil permeability and running
the RFB analysis a second time. NRCS suggests that the
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minimum RFB width recommendations be adjusted based on local variations in slope and soil
permeability (NRCS 2003). This analysis did not consider the suggestion, so the uniform 30 m
recommended buffer may not be appropriate for sections of Sucker Brook and Fall Brook. A
second analysis using adjusted width recommendations may yield results that are more accurate
and strengthen the statistical analysis.
Another step that can be taken in this project is species-level identification. Some amount
of detail is lost at the family level, and species-level identification of macroinvertebrates may
yield more accurate water quality scores. Also, the increased level ofdetail may push some water
quality scores away from the transition scores that are between two levels of impact. For
example, the water quality score of FB3 was 5.07, and the water quality score of FB4 was 4.99.
These scores are similar to each other as well as the cutoff of 5.0 that lies between moderate
degradation and slight degradation. Species-level identification may affect these score enough to
push them away from the cutoff score.
A final step that would benefit this project is to fill in the gaps in the Fall Brook data.
Much of the land uses in the downstream section of the subwatershed was unattributed, so their
impacts on the water quality could not be addressed. Determining the unknown land uses and
rerunning the GIS, statistical, and runoff analyses can provide a more accurate representation of
the positive and negative impacts to Fall Brook's water quality. Likewise, the state of the water
quality upstream from FB3 is
unknown because macroinvertebrate samples could not be
collected from FB2 and FBI. The water quality of these sites can be determined by other
samplingmethods to give a
more accurate representation ofFall Brook's water quality.
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All of the family-level macroinvertebrate procedures and information were obtained through
personal communication with Robert Bode of the New York State Department ofEnvironmental
Conservation (2004).
FAMILY-LEVELMACROINVERTEBRATE INDICES
1. Family Richness is the total number of macroinvertebrate families found in a 100-organism






2. Family EPT Richness is the total number of families of mayflies (Order Ephemeroptera),
stoneflies (Order Plecoptera), and caddisflies (Order Trichoptera) found in a 100-organism




1 -2 moderately impacted
0 severely impacted
3. Family Biotic Index is the family-level Hilsenhoff Biotic Index, a measure of the tolerance of
the organisms to organic pollution and low dissolved oxygen levels. It is calculated by
multiplying the number of individuals of each family by the family's assigned tolerance value.
Then the products are summed, and the sum is divided by the total number of individuals in the





4. Percent Model Affinity is a measure of similarity to a model non-impacted community based
on percent abundance in 7 major groups. The model community consists of40% Ephemeroptera,
5% Plecoptera, 10% Trichoptera, 10% Coleoptera, 20% Chironomidae, 5% Oligochaeta, and
10% Other. The percentage of each of these groups in the subsample is calculated and compared
to the expected percentages. The lesser values from each group are added together. Ranges for







TOLERANCE VALUES FOR THE FAMILY BIOTIC INDEX CALCULATION
Ephemeroptera Plecoptera Lepidoptera
Baetidae 6 Capniidae 3 Pyralidae 5
Baetiscidae 4 Chloroperlidae 0
Caenidae 6 Leuctridae 0 Odonata
Ephemerellidae 2 Nemouridae 2 Aeshnidae 5
Ephemeridae 4 Peltoperlidae 0 Calopterygidae 6
Heptageniidae 3 Perlidae 3 Coenagrionidae 8
Leptophlebiidae 4 Perlodidae 2 Cordulegasteridae 3
Metretopodidae 2 Pteronarcidae 0 Corduliidae 2
Oligoneuriidae 2 Taeniopterygidae 2 Gomphidae 4
Polymitarcyidae 2 Lestidae 9
Potamanfhidae 4 Diptera Libellulidae 2
Siphlonuridae 7 Athericidae 4 Macromiidae 2
Tricorythidae 4 Blephariceridae 0
Ceratopogonidae 6 Amphipoda
Trichoptera Chironomidae 6 Crangonyctidae 6
Brachycentridae 2 Tipulidae 4 Gammaridae 6
Glossosomatidae 1 Empididae 6 Talitridae 8
Helicopsychidae 3 Ephydridae 7
Hydropsychidae 5 Simuliidae 5 Isopoda
Hydroptilidae 6 Tabanidae 5 Asellidae 8
Lepidostomatidae 1
Leptoceridae 4 Meealoptera Decapoda
Limnephilidae 4 Corydalidae 4 Cambaridae 6
Molannidae 6 Sialidae 4 Astacidae
6
Odontoceridae 0
Philopotamidae 3 Coleoptera Other
Phryganeidae 4 Dryopidae 5
Oligochaeta 9
Polycentropodidae 6 Elmidae 5 Hirudinea
7
Psychomyiidae 2 Gyrinidae 4
Gastropoda 7
Rhyacophilidae 1 Haliplidae 5
Pelecypoda 6




STANDARDIZATION FORMULAE FOR RIFFLE KICK SAMPLES
Family Richness
If richness > 15, replace with 10
If richness > 13, replace with (((richness-13)/4)*2.5)+7.5
If richness > 9, replace with (((richness-9)/5)*2.5)+5
If richness > 6, replace with (((richness-6)/4)*2.5)+2.5
If richness < 7, replace with ((richness)/6.5)*2.5
If richness = 0, replace with 0
Family EPT Richness
If EPT > 10, replace with 10
If EPT > 7, replace with (((EPT-7)/3)*2.5)+7.5
IfEPT > 2, replace with (((EPT-2)/5)*2.5)+5
If EPT > 0, replace with (((EPT-l)/2)*2.5)+2.5
IfEPT = 0, replace with 0
Family Biotic Index
IfFBI < 2.00, replace with 10
IfFBI < 4.51, replace with 10-(FBI-2)
IfFBI < 5.51, replace with 7.5-(((FBI-4)/2)*2.5)
IfFBI < 7.01, replace with 5-(((FBI-5.5)/1.5)*2.5)
IfFBI > 7.00, replace with 2.5-(((FBI-7)/3)*2.5)
PercentModel Affinity
IfPMA > 90, replace with 10
IfPMA > 64, replace with (((PMA-64)/26)*2.5)+7.5
IfPMA > 49, replace with (((pma-49)/15.5)*2.5)+5
IfPMA > 34, replace with (((pma-34)/15.5)*2.5)+2.5
IfPMA < 35, replace with ((pma-20)/14.5)*2.5
IfPMA < 20, replace with 0







L-THIA reclassification of land cover. Land covers within the Fall Brook and Sucker Brook subwatershed were
reclassified according to the requirements of the L-THIA runoff model. The table below displays the land cover
symbol and description obtained from the Canandaigua Lake Watershed land use file as well as the reclassified land
cover and associated curve numbers. The letters A, B, C, and D refer to soil permeability and represent very rapid,
rapid, moderate, and slow, respectively. All applicable conditions were assumed fair since the exact conditions were
unknown. All wetland areas were assigned a curve number of 50, mid-way between complete retention (CN=0) and















Straight Row + Crop
Residue
Poor 71 80 87 90
DEM Deep EmergentMarsh Water/Wetland - 50 50 50 50
DEM/SSW Combination
DEM Dominant
WaterAVetland - 50 50 50 50
FPF Floodplain Forest Woods Fair 36 60 73 79
J Junkyard Industrial - 81 88 91 93
ML/R Mowed
Lawn/Residential
Open Space, Lawn Fair 49 69 79 84
0 Orchard Woods - Grass
Combo, Orchard
Fan-
43 65 76 82
OR Orchard Woods - Grass
Combo, Orchard
Fair 43 65 76 82
P Conifer Plantation Woods - Grass
Combo, Tree Farm
Fair 43 65 76 82
PA Pastureland Pasture Fair 49 69 79 84
RSE Rural Structure Exterior Farmstead - 59 74 82 86
SEM Shallow Emergent
Marsh
Water/Wetland - 50 50 50 50
SMAS Silver Maple - Ash
Swamp
Water/Wetland - 50 50 50 50
SNH Successional Northern
Hardwoods
Woods Fair 36 60 73 79





Fair 33 57 71 78
ss Successional Shrubland Brush
Fan-















Fair 33 57 71 78
SSW Shrub Swamp Water/Wetland
- 50 50 50 50
SSW/SMAS Combination
SSW Dominant
Water/Wetland ~ 50 50 50 50
STP Sewage Treatment Pond Water/Wetland
- 50 50 50 50
USE Urban Structure
Exterior
Residential Districts 1/4 acre lot 61 75 83 87
W Farm Pond Water/Wetland
- 50 50 50 50
50
APPENDIX C
Curve numbers and corresponding runoff depths for Canandaigua, New York. Fifty-four years of daily
precipitation data were obtained and used in the L-THIA model to calculate the runoff depths that correspond to
each curve number. The precipitation data spanned from 1948 to 2001 and were collected in Canandaigua, New
York. The table below lists the curve numbers and correspondin





































I runoffvalues. Runoff depth is annual.






































Riparian forest buffer distribution in relation to the area within 30 m of the stream. RFBs were delineated
using GIS to determine if the meet the NRCS width recommendation of 30 m. The images display the distribution of
RFBs within the Sucker Brook and Fall Brook subwatersheds in relation to the stream and the area within 30 m of
the stream. Pink areas are Sucker Brook, and yellow areas are Fall Brook. Red symbols are data collection sites.
Green areas are RFBs, and thick black lines are the boundaries of individual drainage areas. The thin blue lines are




























Sucker Brook site 1 drainage section
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APPENDIX D CONTINUED
Sucker Brook site 3 drainage section
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Kilometers
Sucker Brook site 5 drainage section
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Fall Brook site 5 drainage section
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APPENDIX E
Macroinvertebrate community composition. Macroinvertebrate samples were collected from four sites on Sucker
Brook and three sites on Fall Brook. The samples were processed and identified to the order or family level for later
use in various water quality models. The table below displays the numbers and types of macroinvertebrates that
were found at each site.
Common
Name














Stonefly Insecta Plecoptera Capniidae 0 0 16 0 0 0 0
Stonefly Insecta Plecoptera Chloroperlidae 0 0 7 0 0 3 0
Stonefly Insecta Plecoptera Leuctridae 0 0 21 0 6 8 0
Stonefly Insecta Plecoptera Peltoperlidae 0 0 0 1 0 0 0
Mayfly Insecta Ephemeroptera Heptageniidae 0 0 2 0 0 20 0
Mayfly Insecta Ephemeroptera Leptophlebiidae 0 0 2 0 1 0 0
Caddisfly Insecta Trichoptera Hydropsychidae 0 3 1 0 9 3 0
Caddisfly Insecta Trichoptera Hydroptilidae 0 0 0 7 0 0 1
Water Penny Insecta Coleoptera Psephenidae 0 0 3 0 0 0 0
Riffle Beetle Insecta Coleoptera Elmidae 0 0 0 3 0 0 0
Gilled Snail Gastropoda 13 26 0 0 4 0 0
Crayfish Crustacea Decopoda Astacidae 0 0 0 0 0 0 1
Sowbug Crustacea Isopoda Asellidae 0 0 17 3 0 44 28
Scud Crustacea Amphipoda Gammaridae 0 4 8 37 16 7 67
Alderfly Larva Insecta Megaloptera Sialidae 0 0 2 0 0 11 0
Watersnipe Fly
Larva
Insecta Diptera Athericidae 0 0 0 0 2 0 0
Crane Fly Insecta Diptera Tipulidae 0 7 8 1 6 0 0
Clam Pelecypoda 11 1 0 0 0 0 0
Planaria Turbellaria 0 0 2 36 0 0 3
Aquatic Worm Oligochaeta 3 14 10 0 21 3 0
Midge Fly
Larva
Insecta Diptera Chironomidae 5 0 0 1 3 2 0
Blackfly Larva Insecta Diptera Simuliidae 0 4 1 8 2 0 0
Leech Hirudinea 2 0 0 0 1 0 0
Pouch/Pond
Snail
Gastropoda 62 20 0 0 6 0 0
Other Snail Gastropoda 3 14 0 0 1 0 0
Deerfly
Horsefly
Insecta Diptera Tabanidae 1 0 0 0 1 0 0







observations taken at data collection sites. Ten sites were proposed for water quality
were collected at the sites. The table below displays the measurements and observations for
macroinvertebrate community composition.
*
represents a possible anomaly since the value is
from the other pH values.
SB1 SB2 SB3 SB4 SB5
Depth 1 (m) 0.17 0.16 0.10 0.10
Depth 2 (m) 0.15 0.13 0.08 0.08
Depth 3 (m) 0.16 0.13 0.11 0.06
Total Width (m) 1 3.01 5.57 5.31
Velocity 1 (m/s) 0.113 0.213 0.427
1
0.213
Velocity 2 (m/s) 0.113 0.213 0.274 0.183
Velocity 3 (m/s) 0.113 0.213 0.457 0.134
Discharge 1
(m3/s)
0.006 0.034 0.079 0.038
Discharge 2
(m3/s)
0.006 0.028 0.041 0.026
Discharge 3
(m3/s)
0.006 0.028 0.093 0.014
Total Discharge
(m3/s)
0.018 0.090 0.213 0.078
Temperature
(C)




0.063 0.042 0.041 0.041
Nitrate/Nitrite
(mg/L)




DO (%) 87 108.2 106.2 98.8




877 972 1025 1060




100 20 35 50
Canopy Cover
(%)





























FBI FB2 FB3 FB4 FB5
Depth 1 (m) 0.08 0.10 0.25
Depth 2 (m) 0.12 0.25
Depth 3 (m) 0.115 0.16
TotalWidth (m) 0.8 3.48 2.08
Velocity 1 (m/s) 0.823 0.396 0.427
Velocity 2 (m/s) 0.396 0.152



















0.012 0.012 0.014 0.012 0.017
Nitrate/Nitrite
(mg/L)




DO (%) 93.8 104.4 107.2















Silt, Clay, Sand 50 Gravel
50 Cobble
5 Silt
5 Sand
65 Gravel
20 Cobble
5 Boulder
3 Sand
60 Gravel
35 Cobble
2 Boulder
Notes little flow
too overgrown
too much
bedrock
too overgrown
Measured
narrow area
4m width
0.3-0.6m depth
wide buffer
construction
down from
bridge
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